Genetic diversity of human parvovirus B19 determined using a set of restriction endonucleases recognizing four or five base pairs and partial nucleotide sequencing: use of sequence variability in virus classification Kenichi Umene 1. and Tadasu Nunoue 2 X Department of Virology, Faculty of Medicine, Kyushu University 60, Fukuoka 812 and 2School of Health Sciences, Kyushu University, Fukuoka 812, Japan Analysis of the restriction site polymorphism (RSP) of human parvovirus B19 using 12 restriction endonucleases (REs) recognizing four or five bp sequences (4-or 5-bp REs) revealed a significant difference between strains previously classified as being of the same genome type, and a relationship between two strains of different genome types, thereby indicating a global spread of B19 virus strains. These findings demonstrate the advantage of this set of 4-and 5-bp REs for the calculation of the degree of genetic diversity and clearly it is necessary to amend the taxonomy of B19 virus strains using these REs. We examined the nucleotide (nt) sequence between nt 3141 and 3411, at the N terminus of the VP2 protein coding region, in 12 B19 virus strains. The pattern of distribution of nucleotide differences between the strains confirmed the classification by RSP analysis. Between nt 3293 and nt 3364, a region in which an antigenic epitope may be encoded, there was no evidence of a nucleotide change causing an amino acid change. Thus, the amino acid sequence in this potential epitope is probably conserved.
Human parvovirus B19, which was first isolated from the sera of asymptomatic blood donors (Cossart et al., 1975) , has been shown to be a human pathogen (Anderson, 1990; Anderson et al., 1983; Nunoue et al., 1985 Nunoue et al., , 1987 . B19 virus particles contain a 5-6 kb, linear ssDNA genome of either polarity, with terminal palindromic sequences of 383 nucleotides (nt) (Clewley, 1984; Deiss et al., 1990; Mori et al., 1987; Shade et al., 1986; Summers et al., 1983) . B19 virus cannot be propagated in conventional cell lines, so viral DNA from viraemic serum was molecularly cloned to serve as the source of B19 viral DNA (Clewley, 1985; Umene & Nunoue, 1990) .
Differentiation and classification of virus strains are necessary to examine the evolution of the virus, its mode of transmission and distribution, and the relationship in some strains between biological characteristics and clinical manifestations. Restriction site polymorphism (RSP) is a convenient marker for this. Morinet et al. (1986) were the first to analyse genetic variation in B19 virus strains and Mori et al. (1987) analysed the genomic DNA of 48 B19 virus strains with a set of 13 restriction endonucleases (REs) recognizing six bp (6-bp REs), and grouped the strains into several genome types. There was no evident correlation between one genome type and a particular clinical manifestation of infection. Umene & 0001-0165 © 1991 SGM Nunoue (1990) molecularly cloned the genomic DNA of a number of B 19 virus strains, analysed it using the set of 6-bp REs and discovered a correlation between genome type and prevalence. In the present work, we have analysed the molecularly cloned genomic DNA of these BI9 virus strains using 4-or 5-bp REs and partial nucleotide sequencing. Use of the 4-or 5-bp REs produced some results not detected using the set of 6-bp REs, e.g. a significant heterogeneity between strains previously classified as being of the same genome type, and a relationship between two strains of different genome types; therefore a global spread of B19 virus strains seems likely. Conservation of amino acid sequence in the region assumed to be an antigenic epitope (Fridell et al., 1989) became evident when partial nucleotide sequences were determined.
The B19 virus strains analysed in this work are listed in Table 1 . B19 virus strains with the strain number prefixed by N (N series) were isolated in Japan; the genomic DNA of these strains was cloned in plasmid pUC18 and analysed with 6-bp REs previously (Umene & Nunoue, 1990) . The hybrid plasmid pJB, constructed by inserting 5.2 kbp of the DNA of strain JB (isolated in U.S.A.) flanked by EcoRI linkers into the EcoRI site of vector pGEM-1, was provided by J. P. Clewley (Mori et al., 1987) . The nucleotide sequences of strains Au and Wi The cloned genomic DNA of N series strains and strain JB was digested with a set of 12 4-and 5-bp REs, electrophoresed on an agarose and an acrylamide gel, transferred to a nylon membrane and hybridized to a 32p-labelled DNA fragment of hybrid plasmid pJB prepared by nick translation (Umene, 1985) . DNA fragments of pJB were used as probes: a 0.6 kb (Mori et al., 1987) . Of the 11 strains isolated in Japan, one pair (N11 and N14) could not be differentiated. The number of pairs that can be made from 11 items is (11 × 10)/2. The proportion of paired combinations of strains which could not be differentiated by this Loss of site at nt 3945 TaqI (1) * The number of restriction sites recognized by each RE in the genome of strain Au (Shade et al., 1986) , not including the terminal repeats, is indicated in parentheses.
t The RE site pattern found in the majority of the BI9 virus strains analysed in this work was used as the prototype.
:~ N ucteotide numbers correspond to those in the study by Shade et at. (1986) .
§ This cleavage site is present in the genome of strain Wi (Blundell et al., 1987) and is absent from that of strain Au.
II These variations are present in the genome of strain Au and absent from those of the majority of the B 19 virus strains analysed in this work.
analysis was therefore 2~ (1/55), whereas that using the set of 6-bp REs was 18~ (10/55) (Umene & Nunoue, 1990) , an increase in sensitivity of five-to 10-fold.
The difference in the number of variations found in the members of a pair of strains was determined, to assess the degree of genetic variation between them (Table 3) , and was expressed as the variation index [(difference in the number of variations/total number of variations) x 100, rounded to the nearest whole number].
For example, the difference in the number of variations in N2 and N4 was two (V51 and V34) (Table 3) , and the variation index was calculated to be 6 [(2/32)x 100)] (Table 3 ). The variation index for any pairing of strains N2, N4, N5 and N25, which have a genome type similar to that of group IV, was 16 or less (Table 3) . The low value of the variation index indicates that these strains are closely related and may even be derived from a common ancestor. We tentatively have classified these strains as a type IV cluster. The variation index for any pairing of N8, Nil, N14, N15, N9, N10, N16 and N22, which have a genome type similar to that of group II, was 16 or less (Table 3) ; these strains were tentatively classified as a type II cluster. The variation index of a pairing of a type IV strain with a type II cluster strain was 34 or greater, indicating that the two clusters are distantly related.
Strain Au is assigned to the group II genome type based on nucleotide sequence data ( Table 1 ). The variation index for a pairing of a type II cluster strain with strain Au was between 22 and 31. Therefore strain Au is less related to type II cluster strains than type II cluster strains are to each other. There is a definite difference between the type II cluster strains and strain Au, although they appeared to be similar in previous analyses.
Strains of the group IV genome type were isolated only in 1981 in Japan (Mori et al., 1987; Umene & Nunoue, 1990) and whether any strain of the group IV genome type or a related genome type exists outside Japan was of interest. Mori et al. (1987) placed strain JB (isolated in U.S.A.) in an unclassified group, using the set of 6-bp REs. As shown in the present work (Table 3) , the variation index for a pairing of a type IV cluster strain with strain JB was between 15 and 25, less than or similar to that for a pairing of a type II cluster strain with strain Au (22 to 31); there seems to be a significant relationship between type IV cluster strains and strain JB. The group IV genome type seen in Japan in 1981 may have come from a western country, as was the case with the epidemic of B19 virus infection in 1986 to 1987 in Japan, presumably caused by the arrival from abroad of a B19 virus with a genome type similar to group II (Umene & Nunoue, 1990) . If this is indeed the case, our findings support the notion of the global spread and replacement of B19 virus strains, as reported for canine parvovirus strains (Parrish et al., 1988) . Although the use of the set of 6-bp REs is convenient and acceptable for the preliminary categorization of B19 virus strains, further analysis using a set of 4-and 5-bp REs provides a more precise differentiation and classification. Fridell et al. (1989) reported that a cyclized peptide of 24 amino acids from the N terminus of viral protein VP2, encoded by nts 3293 to 3364, gave the best selective (0) (2) (2) (2) (2) (3) (Table 1) . Therefore the total number of variations used in the calculation of the variation index was 26. 
* Nucleotide numbering is taken from Shade et aL (1986) .
1" The nucleotide sequences of NS, N9, N 11, N 15 and N 16 were used as the consensus. Amino acids were deduced from the open reading frame sequence reported by Shade et al. (1986) , :~ (-), The nucleotide change does not result in a change in the encoded amino acid. reactivity with seropositive and seronegative samples; the peptide was assumed to contain a strongly antigenic epitope. The determination of the genetic variability of this region is a subject of much interest. We determined the nucleotide sequence of a 0.27 kb PstI/DraI (an isoschizomer of AhaIII) fragment (between nt 3141 and nt 341 l) of the B 19 virus strains by the dideoxynucleotide chain-termination procedure, and analysed the nucleotide changes as summarized in Table 4 . Of 14 nucleotide changes detected, four (29~) resulted in amino acid changes, a figure comparable to the rate of amino acid change (32~) reported by Blundell et al. (1987) . The pattern of the distribution of nucleotide changes in the B19 virus strains supports the classification of strains made by RSP analysis. In the region encoding the cyclized peptide (nts 3293 to 3364), six nucleotide changes were detected; however, there were no changes to the amino acid sequence. Although more detailed epitope mapping is needed, the conservation of amino acid sequence facilitates the assignment of a B19 virusspecific epitope to this region.
